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Abstract 
Over the years, India has mastered all the stages of the nuclear fuel cycle, which include mining, processing & fabrication 
of nuclear fuel; design, construction, and operation of nuclear power reactors and research reactors; reprocessing of spent 
fuel and management of radioactive wastes. Ionising radiation is also used widely in medical, industrial and research areas. 
Since its inception, Department of Atomic Energy (DAE) was enforcing radiological safety in the country through in -house 
or ad-hoc committees, till a dedicated regulatory body (AERB) was set up 25 years ago.  Today India is operating 19 
nuclear power plants with different vintages (2 BWRs and 17 PHWRS) and another 8 (1 PFBR, 5 PHWRs and 2 PWRs) 
are in various stages of construction.  Recently there are new evolutionary reactors (AHWRs) for which design has been 
completed and are on the threshold for consideration for construction. To match the rapid growth in the need for power 
India is also about to take up construction of large evolutionary PWRs of foreign design.  This variety in the Indian nuclear  
power programme has come up due to a systematic evaluation and optimisation of the resources and technology available 
within the country.  Added to this is the growing use of radiation in non -power applications. As the safety supervision of 
this huge programme is the responsibility of AERB, it faces various challenges, like,  
• Strategies for regulating wide variety of nuclear and radiation facilities with wide dispersal;  
• Meeting present day expectations with regard to nuclear and radiation safety and nuclear security;  
• The safety and security of large number of radioactive sources spread over such a vast country and of the associated 
import/export guidance;  
• Ensuring safety of old plants by periodic reviews and by prescribing adequate safety upgradation and ageing mana gement 
programme; 
• Adaptation of the regulatory system and of regulations to new and foreign design nuclear technologies and applications;  
• Developing competence in wide variety of technologies and different reactor designs;  
• Developing adequate human resource ready for safety supervision of this huge nuclear and radiation programme;  
• Approach to regulatory research related to new technologies.  
    Apart from the above mentioned issues regulatory challenges may arise from policies to make all energy se ctors 
competitive. With growing competition, it is becoming increasingly important to reconcile commercial interests with safety 
requirements. For AERB, the first challenge will be to ensure that economic pressures do not erode nuclear safety. To 
maintain highest level of safety culture, AERB will also need to adapt to an increasingly market -oriented environment and 
new working relationships with utilities.   Although it is a difficult task, the Board has also evolved systematically over the 
years and now has an efficient structure, which is capable of facing the current challenges.   
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1. Introduction  
    Indian atomic energy program, which was initiated more than 50 years back, in a modest manner, has now grown  
_____________ 
*Corresponding author. Tel.: +91-22-25562343; fax : +91-22-25562344 
E-mail address:  ssbajaj@aerb.gov.in 
1876–6102 © 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Indra Gandhi Centre of Atomic Research
doi:10.1016/j.egypro.2011.06.007
Energy Procedia 7 (2011) 55–59
 © 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of Indra Gandhi Centre of Atomic Research
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
56  S.S. Bajaj / Energy Procedia 7 (2011) 55–59
 
multifold in many organisations both under Department of Atomic Energy as well as many private and government utilities 
using radiation sources. The full spectrum of these activities include R&D in nuclear sciences and engineering, design, 
construction and operation of nuclear reactors and power plants, and associated fuel cycle facilities, both front end and back 
end, as also other applications of radiation in industry, medicine, agriculture and research. 
    The commercial nuclear power programme in India started in 1969 with the operation of TAPS 1&2 (BWR), currently 
accounts for about 3% country’s installed capacity.   Today India is operating 19 nuclear power plants with different 
vintages (2 BWRs and 17 PHWRS) and another 8 (1 PFBR, 5 PHWRs and 2 PWRs) are in various stages of construction.  
Thus, the development of commercial nuclear technology in India has evolved through several technological stages. While 
developing and implementing the nuclear power program, the capability of Indian industry in manufacturing and supply of 
high precision and specialized equipment has also developed comparable to international standards. Nuclear power 
technology including operation, maintenance, refurbishing, upgrades and ageing management, etc in India has come of age 
with comprehensive capabilities in all aspects of nuclear power and is poised for a large expansion program. In long term, it 
is expected to play a significant role in meeting the huge electricity demand of this country.  
    Success in nuclear power generation would never be achieved without development of front-end industry (mining, 
processing, fuel fabrication, heavy-water production, etc) and back-end facilities (like, spent fuel storage, fuel reprocessing, 
storage of radioactive waste, etc). Over a period of time India has mastered these t echnologies. 
    Use of radiation in the field of industry, agriculture and medicine has also grown many fold over last decade.  Radiation 
sources today are used in hundreds of equipments starting from radiation diagnostics and therapy units, to industrial  
irradiators, radiography cameras and nucleonic level gauges, etc.  These are large in numbers and are distributed all over 
India in various hospitals, research centers, universities and in industries like, iron and steel, power sector, petroleum, p aper 
and textile industries, etc.  
    The variety in the Indian nuclear power programme as described above has come up due to a systematic evaluation and 
optimisation of the resources and technology available within the country.  Recently there are new evolution ary reactors 
(AHWRs) for which design has been completed and are on the threshold for the consideration for construction. In addition, 
to match the rapid growth in the need for power India is also about to take up construction of large evolutionary PWRs of  
foreign design.  
    Initially, Department of Atomic Energy (DAE) was enforcing radiological safety in the country through in -house groups 
or independent committees until a formal regulatory body was constituted in the year 1983, under the provision of Atomic 
Energy Act, 1962. Today the safety supervision and surveillance of the huge atomic / nuclear programme in India is the 
responsibility of Atomic Energy Regulatory Board (AERB), which faces a wide range of challenges to meet its objective of 
protecting plant personnel, public and environment from radiation hazards and winning public confidence and trust.   
2. Meeting future regulatory requirements  
    India’s energy resource base is such that it mandates the adoption of an optimal mix of all the available energy resources 
to meet its growing demand of electricity. It is expected that a substantial portion of this demand will be met by nuclear 
power generation. So far, the nuclear power sector has remained the exclusive responsibility of the Government. Wh ile this 
is not likely to change in the foreseeable future, with Nuclear Power Corporation of India Ltd.(NPCIL) remaining the sole 
operator of NPPs, there will be private participation in terms of minority shareholders, vendors, equipment suppliers and 
contractors. This involvement of diverse stakeholders will throw its own challenges in regulations. The regulatory system 
will need to be based on a stronger, more formal legal footing.   
    The role, functions, and resource base of the Atomic Energy Regulatory Board (AERB) will need to be reviewed to meet 
the new requirements.  In the new scenarios, AERB has to continue to perform its role efficiently to deal with issues related  
to nuclear safety, site clearances, plant operation regulations, inspections, pu blic information, sanctions for violations of 
norms, and emergency response mechanisms, waste management, transport of radioactive materials, and meeting 
international obligations. This is critical in securing public confidence and support, both domestic a nd foreign, for the 
nuclear power programme. India must ensure best possible safety in all aspects of nuclear power, from design to operation 
of plants, and waste management, and in safe management of radiation sources. 
    In the anticipated environment of involvement of stakeholders with different orientations towards commercial interests 
and commitment to safety, it will be an important challenge for all to ensure that the utility considers a good safety culture 
to be the overriding factor. The effectiveness of the AERB to detect early signs of management shortfalls and in taking 
decisive action will be a key factor. 
    For AERB, the first challenge will be to ensure that economic pressures do not erode nuclear safety. While striving to 
maintain good nuclear safety culture, AERB will also need to adapt to an increasingly market -oriented environment and 
new working relationships with operators.  
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3. Developing human resource and maintaining competence 
    AERB needs to ensure its core technical competence. It is in both the public interest and the regulated industries’ interest 
that the AERB is able to reach sound technical judgments in an efficient manner. To be able to respond to changing 
environments, not just in the nuclear power industry but in other uses of radioactive materials, such as in nuclear medicine, 
industrial radiography, etc., AERB has to be both knowledgeable and agile. 
    AERB draws its human resources at the entry level from the various nuclear training schools/centers under Homi Bhabha 
National Institute (HBNI). These candidates obtain formal training in disciplines of nuclear science and technology such as 
reactor physics, structural analysis, thermal hydraulics, nuclear power plant operation and maintenance, reactor chemistry, 
health and environment assessment, etc in the training schools. Apart from this, AERB also inducts personnel at 
postgraduate level from Indian Institutes of Technology (IITs). Experienced personnel of different exp ertise are also 
recruited at the middle management level from open market. These candidates also undergo formal short -term training at 
various training schools. Subsequently, AERB organizes the orientation -training programme for these candidates about the 
regulatory activities. The training modules include courses on regulatory subjects like applicable Acts and Rules, 
development of regulatory requirements, various safety documents, review and assessment, regulatory inspection and 
enforcement, etc. The performance of the candidates is assessed through formal examinations conducted by AERB. 
    Presently, there are 200 scientific and technical staff working in the eight technical divisions of AERB.  This number is 
planned to be increased substantially in AERB during the next 4-5 years to cater to the additional workload in view of the 
significant expansion foreseen for the nuclear and radiation facilities in the country.  
4. Ensuring safety of old nuclear plants 
    Indian commercial nuclear programme started in 1969. The early reactors built then and in the 70s conformed to the 
regulatory requirements of that time.  Assessment of safety of these reactors against current regulatory and safety 
requirements is a challenging task. Another major challenge is to ass ess the condition of the old safety related components 
and structures for continued operation. AERB has in recent years completed the review for reauthorisation of older reactors 
at Tarapur (BWRs), Rajasthan & Kalpakkam.  It was observed that these plants have a large margin of safety due to their 
originally conservative designs.  However, to meet current requirements, a number of upgradations were necessary.   Some 
of them are as follows: 
 Backfitting supplementary control room. 
 Segregation of power and control cables to prevent common cause failures. 
 Addition of diesel generators to enhance the reliability of emergency power supply. 
 Retrofitting of high pressure injection system into emergency core cooling system for PHWRs. 
 Enhancement in fire safety. 
    After these modifications these plants now meet the intent of the current requirements. With implementation of a proper 
ageing management programme these are expected to continue to operate in the coming years.  Of particular importance 
are ageing management and assessment of fitness for service of coolant channels of pressure tubes in PHWRs.  Other areas 
of attention in recent years have been thinning of feeder tubes in primary coolant systems, and flow assisted corrosion in 
secondary side piping in PHWRs.   
5. Regulating different technologies  
    As the mainstream of Indian nuclear power programme was PHWRs, the regulatory process and expertise was also 
oriented towards PHWR technology. Likewise the regulatory documents prepared over the years were based on regulatory 
experience gained during design and operation of PHWRs. But, currently other technologies involving PWRs of different 
designs, FBRs and modernized 700 MWe PHWRs and Advanced Heavy Water Reactor (AHWR) with thorium as fuel are 
in various stages of deployment. AERB has the challenge of reviewing the design, commissioning and operating aspects of 
these diverse varieties of reactors.  
    In view of the different types of concepts emerging in Indian scenario, one challenge is to see that these are  reviewed and 
licensed on common basis of safety. For this purpose it is important to evolve safety criteria, which are independent of 
technology. However, such criteria can be enunciated for the conceptual level, where as more detailed criteria and 
requirements have to be technology specific. This will involve considerable thinking and efforts.  It is observed that in 
many Asian countries the situation is similar.   In this connection, it would be useful if regulatory bodies of different 
countries with common issues, interact to exchange ideas and experiences. 
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6. Risk informed regulation 
    To effectively regulate the safety of the large nuclear and radiation applications programme spread over a vast cou ntry 
like India, and to make effective use of its limited regulatory resources,  AERB must adopt a risk-informed approach to 
safety regulation. This initiative is ambitious, because it involves rethinking and changing attitudes, but is essential so a s to 
focus on concerns that are truly significant for safety and to reduce needless regulatory burdens.  While most safety related 
decisions do involve an element of being ‘risk-informed’ at least implicitly or informally, a more formal structured process 
in this regard will provide a more objective and transparent basis. 
7. Managing regulatory dilemmas 
    Many conflicts and dilemmas in nuclear industries relate to methods of managing and regulating safety.  The conflict 
between economy and safety, which always exists, has newer dimensions as discussed earlier, with the anticipated 
involvement of new stakeholders.  
    The licensee-regulator conflict arises from partially diverging views on the appropriate focus areas and safety -related 
investments. Licensees may sometimes have the opinion that regulatory requirements are skewed, causing additional and 
unnecessary costs without yielding comparable safety benefits and diverting management attention away from more 
important issues. The regulators’ skepticism towards  the application of new technology (e.g. programmable software based 
systems) may be regarded as counterproductive in the sense that it prevents the licensees from benefiting from 
technological advances. The extent to which new technologies/systems have been qualified or proven may be an area of 
disagreement. 
    Reduction of personnel and use of contractors not only add to the workload of the employees as well as that of the 
managers, but poses added challenges to regulatory effectiveness and of maintainin g uniform safety culture.  
    Finally, there are contradicting concern about the appropriate scope and level of detail of formal procedures and 
instructions in the context of nuclear power. On the one hand, regulators generally have the view that there sh ould be 
stringent regulatory supervision and that the operators themselves should apply formal management methods.  The other 
view is that this leads to excessive bureaucracy and paperwork and that excessive dependence on rules and procedures in 
regulating human performance is not appropriate.   Thus there is a conflict between formalism and freedom of reasoning 
and situational judgments. 
8. Approach to regulatory research 
    There is world wide concern relating to the support to safety and regulatory research. Although AERB established a 
Safety Research Institute, which is a decade old now, the areas of research conducted there are very limited with respect to 
the total dimensions of regulatory research needed.  The programme for involvement of universitie s in AERB sponsored 
research projects through CSRP (Committee for Safety Research Programme) helps to some extent. Detailed safety 
research is presently conducted by BARC and IGCAR which are Technical Support Organizations (TSOs) to AERB, as 
well as by NPCIL to the extent it is required for safe design. Independent regulatory research is important because such 
research is central to regulatory functions and vital for maintaining core technical competence in the regulatory body.  
AERB needs to expand its access to regulatory research work to support the independent evaluations of safety that it must 
provide. 
9. Meeting the public expectation 
    It is a great challenge to provide general assurance to public as well as government that the current regulatory ap proach 
ensures adequate safety. The challenge is to convey the assurance in a language that public can apprehend.  
10. Contradicting need - safety and Security 
    An area of continuing importance is the security of nuclear facilities and materials. Physical protection against the threat 
of radiological sabotage or theft of nuclear material is a fundamental obligation of all licensees. AERB is recently entruste d 
with responsibility to ensure that the licensee takes adequate measures towards security.  This is relatively new area for 
AERB and the approach to regulate security aspect is sometimes contradicting to the approach adopted for safety. The 
policy on security matters should not be transparent as well as consistent. Sites chosen for location of future nuclear plants 
will have to take into account stringent safety and security norms. Public information and campaigns aimed at meeting 
safety concerns will be needed to avoid local opposition to nuclear power plants. 
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    Of course, a prime concern is the security of nuclear power plants against terrorist attacks, as well as security clearances 
for all companies and personnel involved in the plants. The security systems and procedures need to meet the highest  
international standards.  
    In contrast to regulating nuclear power and associated front & back end facilities the area of radiation sources faces a 
different challenge. Although each of theses sources are of lesser safety significance individually but their number is large 
and these are spread across the whole country. Regulating such a large number of sources requires huge regulatory 
resources. Moreover, being in totally public domain and involving transportation also in public areas, adds to the 
complexity of ensuring their safety and security.  Although AERB has established necessary regulations, guidelines and 
mechanisms to control all activities associated with radiation sources, it needs to strengthen its human resources to 
effectively apply the controlling measures.    
11. Conclusion 
    India is on the verge of a nuclear renaissance.  In a short period, India is going to see remarkable change and challenge 
which can be listed as follows: 
 
• Strategies for regulating wide variety of nuclear and rad iation facilities with wide dispersal; 
• Meeting present day public expectations with regard to nuclear and radiation safety and nuclear security;  
• The safety and security of innumerable number of radioactive sources spread over such a vast country and of  the 
associated import/export guidance;  
• Ensuring safety of old plants by prescribing adequate safety upgradation and ageing management programme;  
• Adaptation of the regulatory system and of regulations to new and foreign design nuclear technologies and  applications; 
• Developing competence in wide variety of technologies and different reactor designs;  
• Developing adequate human resource ready for safety supervision of huge nuclear and radiation programme;  
• Approach to regulatory research related to new technologies. 
 
    AERB’s future activities will surely be governed and influenced by some of these issues.  AERB has challenges and 
opportunities ahead. 
    AERB has to accept the responsibility not only of maintaining our institutional capacities to me et current needs, but also 
of building the capabilities to meet the changing needs of a dynamic environment.  And, AERB must respond to the 
changes in the industry that it regulates, and continue to remain an effective and efficient regulator.  AERB today 
recognizes this obligation and is committed to meeting it. 
                                                
 
